that deliver water to hospitals [4]. Since then, further reports have supported these fi ndings [5][6][7]. Some studies have demonstrated, using molecular biology techniques, evidence of water-borne transmission of Aspergillus spp. and Fusarium spp., matching the genotypic identity of isolates recovered from patients and those isolated from the water in the patients' rooms [5,8,9]. Since similar data is not available from studies in Belgium, we conducted studies in Liège in order to fi nd out whether the water distribution system of a Belgian university hospital containing high-risk units could be a potential reservoir for fi lamentous fungi.
Introduction
Invasive fungal infectious agents, especially those causing aspergillosis in immunocompromised patients during hospitalization are often suspected of entering into the hospital via air-borne transmission. However, molecular techniques have failed to ascertain a genetic relatedness between airborne strains and those isolated from patients with invasive aspergillosis because of the genetic biodiversity of Aspergillus fumigatus [1] [2] [3] . Therefore, other routes of transmission have been suggested.
The fi rst studies performed in the 1990s of hospital water distribution systems in both Europe and the United States of America showed that Aspergillus spp. and other fi lamentous fungi could inhabit the distribution systems institutions, about 10 miles apart, i.e., Sart Tilman University Hospital (ST) with 635 beds, Notre-Dame des Bruyères (NDB) with 226 beds and Ourthe-Amblève (OA) with 94 beds. Two of the sites, ST and NDB, are supplied by surface water from the Eupen dam (fed by three rivers fl owing from the Hautes Fagnes Plateau) and the Gileppe river dam. The third site, OA, is supplied by underground water from the Neblon River. This underground water is naturally fi ltrated and enriched by minerals via its passage through the calcareous layers of the ground. Surface water is less stable and needs chemical treatment before its release for drinking. Both water types undergo fi ltration and chlorination before entering the hospital water distribution system where a rough fi ltration is applied to remove potential decaying material. No additive chlorination or heat shock is applied to the cold water. Warm water is obtained by heating the cold water through heat exchanger systems reaching a temperature of no less than 65°C. The warm water is thereafter pumped to the different hospital units. The main site (ST) contains high-risk units with immunosuppressed patients, patients undergoing bone marrow and solid organ transplantation, as well as oncology and intensive care units (ICU). The smallest (OA) is mainly a revalidation site containing a signifi cant geriatric unit, while the NDB site is a polyvalent hospital, containing an ICU and an oncology unit.
Water samples
A total of 197 collection sites were defi ned, i.e., 36 related to the main distribution lines (collectors and water heaters) and 161 distributed in equal proportions on each fl oor. These samples were collected from the following areas; shower ( n ϭ 13), tap water from collective bath ( n ϭ 12) and sink situated in patients' rooms and care areas ( n ϭ 136). For all sampling points and in accord with the methodology used for the Legionella survey at the hospital, 500 ml of hot and cold water were collected in sterile bottles after 5 min of free fl ow. The water samples were then fi ltrated through 0.45 μ Millipore membranes (Millipore, Bedford, USA) using a Millipore vacuum apparatus.
Fungal culture and identifi cation
The membranes were deposited on Sabouraud agar plates containing penicillin and chloramphenicol (bioMérieux, Marcy l'Etoile, France). All plates were incubated at 28°C for 28 days and were examined at least every 3 days for the presence of fi lamentous fungi. Subcultures were performed on malt agar plates prepared at the laboratory (Becton Dickinson, Spark, USA) to allow the development of fruiting bodies. Fungal isolates were identifi ed by their ability to grow at different temperatures and by their macroscopic and microscopic characteristics as described in three different fungal atlases [10] [11] [12] . Only Aspergillus isolates were identifi ed to the species level.
Statistical analysis
The chi-square test was used to compare the frequency of fungal isolation between samples.
Results
A total of 102 out of 197 samples were positive for fi lamentous fungi (51%; Table 1 ). However, the rate of recovery differed among the three sites with 76% of the positive samples obtained at NDB compared to 60% for OA and 37.3% for ST ( P Յ 0.01). Nine different fungal genera were isolated and identifi ed from all samples. Five percent of the samples yielded colonies which could not be identifi ed further due to the lack of characteristic fruiting bodies. The mean number of colony forming units (cfu) was 3.5 Ϯ 1.5 per 500 ml of water. Overall, 11% of the samples each yielded Fusarium spp. and Penicillium spp., Paecilomyces spp. were found in 7% of the samples, while Aspergillus spp. were recovered from only 6% of the samples. Aspergillus fumigatus was the most common member of the genus associated with the water samples. However, no Zygomycete was identifi ed.
Sites and fungal genera
The distribution of the fungal genera varied, depending on the site. No Aspergillus spp. were recovered in NDB, whereas the Aspergillus prevalence was similar between OA (10%) and ST (7%). Fusarium spp. were most common in NDB (28%, P Յ 0.001, Table 1 ). Furthermore, no Paecilomyces spp. were isolated from OA but were frequently recovered in NDB (16%, P Յ 0.05).
Different sampling points
Tap water was signifi cantly more contaminated than the main water supply lines. Members of the genera Aspergillus and Penicillium were the most frequently isolated fungi, each amounting to 16% of the fungi obtained from tap water (Table 2 ). However, Aspergillus spp. was less frequent in tap water than in the main distribution pipe (3.7% vs.16%, P Յ 0.01). Only the tap water from the ST site was contaminated by Aspergillus spp., excluding A. fumigatus . These fi ndings contrast with the recovery of Fusarium spp . from 26% of the water samples collected from sinks at the NDB site (Table 3) . genera, i.e., Penicillium spp., Fusarium spp. and Cladosporium spp. These six positive samples were tap water collected from sinks in patients' rooms or care areas.
Discussion
This study assesses the presence of fi lamentous fungi in the water distribution system of a Belgian university hospital. More than one water sample in two (51%) yielded moulds. Nine different genera were isolated with the majority belonging to the hyaline Hyphomycetes class. Numerous reports published in the literature confi rm the diversity of situations regarding the recovery rates of fungi from hospital water distribution systems. For example, no fungi were isolated from the hospital water systems in Athens and Thessaloniki, Greece [6] , or in Nijmegen, the Netherlands [9] . Less than 1% of samples were found to be positive for fungi in a French study [13] , whereas up to 94% of the water samples collected at the National University Hospital of Oslo, Norway [14] were positive. In the present study, the recovery rate varied from 37.5-76% depending on the site. However, the water purifi cation procedures are very similar from one site to another. Some authors suggest that the rate of water contamination depends on the origin of the water, arguing that surface water is more contaminated than underground water [7] . But this was not the case in this study in that samples from the OA hospital site (the only one supplied by underground water) were not the least contaminated. Therefore, other factors need to be taken into account to explain these results. For example, the presence of biofi lms in the pipes could be a source of water contamination [15, 16] . These
Hot and cold water samples
Filamentous fungi were signifi cantly ( P Յ 0.001) more frequently found in cold water (65%) than in hot water (38%) samples. This was not the case for Aspergillus spp. isolates, which were predominant in hot water (8.3% vs. 3.9%, P Յ 0.001, Table 4 ).
High-risk units
Among the 15 samples collected in the high-risk units (Table 5) , six were positive (40%) and included three N, total number of tested samples; n, number of samples; NS, not signifi cant; (-), no observation.
structures are generally colonized by bacteria but they can also trap conidia and other fungal elements, which fi nd favourable conditions in which to grow. These fungal elements are then dissociated and dispersed in water. Even though hot water is signifi cantly less contaminated than cold water, more than one third of the hot water samples taken in the present study contained moulds, but always at low concentrations. That is not always the case in other hospitals where studies have been conducted showing contamination rates fl uctuating from less than 10 cfu/L [5] to more than 366 cfu/L [17]. However, it has been demonstrated that even low levels of conidia present in water can represent a risk to immunosuppressed patients [5, 14] .
Members of the hyphomycetes were the only fungi identifi ed in this study. While this fungal class is always the most represented in similar reports, the genera distribution is inconsistent. Reports of one study carried out in Oslo noted that Aspergillus spp. were the most prevalent fungi recovered from the water supply, amounting to 39.9% of all those isolated. Of the Aspergillus positive samples, 94% were found to be A. fumigatus [14] . In contrast, we found in Liège that only 6% of the samples yielded Aspergillus spp. In spite of the relatively high percentage of Aspergillus spp. recovered from the main distribution system of the three hospital sites in Liège (16%), only 3.7% of the tap water samples were contaminated by members of this genus and none of them was identifi ed as A. fumigatus . These fi ndings are quite reassuring, since it has been suggested, with the support of molecular biology techniques, that in hospitals showing a high prevalence of Aspergillus in the water distribution system, nosocomial aspergillosis could occur through inhalation of fungal structures aerosolized during patient showering [5, 9] .
Although Aspergillus spp. were recovered at a low rate from tap water samples from the three sites, Fusarium spp. was the prevailing genus present in such material (13%). Members of this genus were also the most commonly isolated from NDB where more than one third of the samples were contaminated. Most studies of hospital water systems report a low rate of Fusarium spp . contamination, except for one conducted in Houston, Texas, where 57% of the water samples were found to be contaminated by Fusarium spp. [8] . Fusarium spp. are well known to be responsible for invasive infection in immunosuppressed patients [18] . In fact, this Houston hospital encountered a high number of Fusarium infections over a period of ten years and an epidemiological study was conducted to fi nd possible waterborne routes of infection. Molecular analysis demonstrated the relatedness of isolates recovered from waterrelated environment sources and isolates of Fusarium solani collected from patient specimens. This was the fi rst report attesting to the possibility that nosocomial Fusarium infections could be transmitted by means of the hospital water source.
It is interesting to note that among the six fungal isolates recovered in this study from the high-risk units, Fusarium posed the greatest threat to immunosuppressed patients and that all Fusarium isolates (only two in total) were N , total number of tested samples; ( n/s ), Number of water samples collected or each site from the main water supply lines and from tap water; (-), no observation. (-), no observation; NS, not signifi cant; N , total number of tested samples; n, number of samples. recovered at the NDB site (Table 5 ). However, Fusarium infections were not found any more frequently than at other sites. It has been demonstrated in the literature that even after several months, the same strains of fi lamentous fungi can still be present in water [8] . It was therefore suggested that the NDB site investigate every case of Fusarium infection. However, no cases of invasive infections were reported at this site following the end of the study. The absence of high-risk units containing severely immunosuppressed patients could probably explain the lack of fungal invasive infections. Furthermore, one year after the completion of the study, the oncology unit was transferred to the main site in order to rationalize hospital patient fl ows. For all these reasons, no attempt was made to introduce water fi lters. The application of a thermal shock to the water system before distribution in the hospital could certainly reduce the contamination rate of thermo-sensitive fungi. But this option was not instituted by the hospital control department because of the technical diffi culty of the process and the absence of documented nosocomial fungal invasive infections.
We too did not recover Zygomycetes as noted in a multicentre study conducted in French hospitals [19] . By contrast, most of the studies in the literature have related the presence of Mucor , Rhizopus or Absidia [6, 17, 20, 21] . Since the absence of Zygomycetes was considered to be unusual, it was determined to further investigate this situation. This phenomenon was fi nally connected with an outbreak of Absidia corymbifera , which occurred in a burns unit at the ST site [22] . The origin of the contamination was nearly missed because the contaminated bandages were only cultured on Sabouraud glucose agar (as was the case in our study). The causative agent ( Absidia corymbifera) was isolated only after using a malt agar plate containing antibiotics. Therefore, it could be argued that, if Zygomycetes were also present in the water distribution system at the hospital sites in our investigation, the fungi were perhaps unable to grow on the medium used for isolation. Vesper et al . used a PCR-based method to detect different Aspergillus species in tap water [23] . Molecular-based methods could be a good alternative to a culture-based detection system although they cannot differentiate between living and dead elements.
A high rate of Penicillium spp. (9.9%) was recovered from the taps at the hospital sites, as often reported in similar studies in which isolation rates ranged from 5% [19] up to 38% [17] . Paecilomyces spp. and Cladosporium spp. were less often isolated, in contrast to other reports where Cladosporium spp. is highly represented [19] . Unfortunately, no surface sampling was performed on the taps, which precluded the assessment of a possible colonization of the taps by air-borne fungi. Neither genus is generally associated with severe infections. However, they can both be involved in allergenic manifestations such as hypersensitivity pneumonitis or asthma and they can cause signifi cant morbidity [24, 25] . Consequently, the contamination of water by different moulds perhaps needs to be taken into consideration as a threat not only to immunocompromised patients but also to patients with a greater reactivity to allergenic fungal agents. However, this would probably affect only patients with a long hospital stay, and this possibility has still to be documented.
Currently, there is no offi cial regulation requiring a fungal survey of hospital water systems. However, taking into account the documented studies attesting to the existing risk of fungal water-borne contamination, the need for an annual survey could be recommended, particularly for hospitals with patients at risk of invasive fungal infections. In addition, preventive measures need to be applied to reduce the potential risk of patient contamination, particularly in high-risk units.
Cleaning the shower walls and fl oor before taking a shower has been demonstrated to be an effi cient measure for reducing patient exposure to fungal structures [5] . Ortolano and co-workers carried out a review of the methods used to clean hospital water systems [15] . Their conclusion was that 0.2 μm fi ltration at the point-of-use appeared to be the best solution for microbial protection from bacteria and moulds. However, fi ltration has a relatively high cost, since it is necessary to change the fi lters regularly in order to avoid the clogging of the pipes. Nevertheless, following the completion of the study, fi lters were installed in the showerheads in the haematology unit of the main site (ST) in order to limit the risk of contamination.
In spite of the lack of infection-control measures regarding the possible fungal waterborne contamination of high-risk patients, it should be highly recommended hat patients should avoid showering during severe immunosuppression or that they use fi ltrated water for this purpose.
Following this study, only sporadic testing was performed but the results demonstrated the absence of fungal contamination in fi ltrated water. However a larger study needs to be conducted as a follow-up to the present one with a new methodology involving the use of larger sampling volumes to increase performance, the introduction of culture media tested for isolation of Zygomycetes and surface sampling around the taps.
In conclusion, the present work demonstrated the presence of fi lamentous fungi in the water distribution system of the University Hospital of Liège. After completion of this study and in the absence of international recommendations concerning infection-control measures for preventing waterborne fungal infection, the use of water fi lters was implemented in the haematology unit of the main site. Every hospital containing high-risk units should be advised to test their water distribution system for the presence of moulds. It would be interesting to document all cases of nosocomial invasive fungal infections occurring in immunosuppressed patients in order to support the limited number of studies attesting to a waterborne route for fungal diseases.
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